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Introduction
At present, the complexity of processes in socio-technical systems (STS) is increasing. Therefore, the importance of the problem of energy-and resource saving in these STS increases under the conditions of complex impact of system and external parameters, as well as their uncertainty. The multi-factorial and nonlinear interactions between the parameters of processes in STSs, the uncertainty how the characteristics are interrelated and the complexity of the formalization of the tasks to be solved determine the urgency of developing modern analytical methods in this area. The development and application of intellectual methods and technologies is a promising direction to solve these problems in the conditions of inaccuracy and incompleteness of the initial data.
According to this, modelling and management of energy-and resource saving in STSs should take into account the following features: firstly, a comprehensive approach of modelling, estimating and management of energy-and resource saving in STSs; secondly, the application of compositional models consisting of sets of models for implementation of separate stages of modelling, evaluation and management of energy-and resource saving processes; thirdly, the use of methods of fuzzy analysis and modelling of complex systems and processes, namely the methods of fuzzy cognitive modeling and fuzzy logical inference. Let 
Problem formulation
For the problem being solved: 
The actions
the following set of indicators:
( ) max, of energy and resource efficiency of the entire system S using generalized fuzzy rule-based model. Sections 3.2-3.5 of this article present more details on how to construct and how to use these models for assessing the effectiveness of energy and resource saving in STSs.
EAI Endorsed Transactions on Energy Web and Information Technologies
Online First Nonlinear and indirect dependencies between the factors of the models make it possible to justify the using of fuzzy cognitive models (maps) as such models [1] , [2] , [3] , [4] , [5] .
The advantages of using fuzzy cognitive models are as follows:
• formalized assignment of system factors of STS, and direct, indirect and aggregated influence of these factors on each other as well; Let's give an example of the proposed fuzzy cognitive model for the estimating the impact of actions on the indicators of the of electricity subsystem [6] . Figure 2 shows the structure of fuzzy cognitive model which can be used for estimating the impact of actions 
A ;
• fourthly, the completion of the simulation either at the set time, or when the model goes to a stable state, or when the criterial values of any concepts are reached. Similarly, the designing and using of fuzzy cognitive models for estimating the impact of actions on the indicators of heat-and water supply subsystems are performed.
3.3. Fuzzy rule-based models for efficiency estimating of energy-and resource saving of subsystems: power supply, heat and water supply
We will use a fuzzy logic approach to design models for estimating of energy-and resource efficiency for different subsystems. This approach makes it possible to take into account the uncertainty in the estimating the impact of various factors on energy-and resource efficiency [7] , [8] , [9] , [10] , [11] .
The procedures for the designing and using the proposed models will be considered using the example of the energyand resource efficiency of the power supply subsystem 1 s .
Step 1. The designing of model's structure. Step 2. The designing of linguistic scales for input and output fuzzy variables. For this, typical L-R functions (Gaussian, triangular) can be used [7] . We set the same terms for the describing all the variables {L -small, M -medium, H -large}:
• for 1 1 ( ) p s - Figure 3 shows an example of a linguistic scale for a fuzzy input variable 1 1 ( ) p s . Step 3. Generation of the fuzzy rules:
Step 2. Aggregation of truth degrees of fuzzy statements of prerequisites for each rule.
For example, for the R y : 
Step 3. Activation of conclusions for each rule. For example, for the R y : Similarly, the designing and using of fuzzy rules-based models for efficiency estimating of energy-and resource saving of heat-and water supply subsystems are performed.
Generalized fuzzy rules-based model for efficiency estimating of energy-and resource saving of system as a whole
The process of designing a generalized fuzzy rules-based model for assessing the effectiveness of energy-and resource saving of system is similar to designing a model for a separate subsystem.
The input fuzzy variables of this model are fuzzy indicators 1 2 3 ( ), ( ), ( ) e s e s e s of energy-and resource efficiency of electrical, heat and water subsystems, respectively. The output fuzzy variable is a generalized fuzzy indicator ( ) E S of energy-and resource efficiency of the system S. The fragment of fuzzy rules base of this model is presented in Table 1 . 
The procedure for the selection of a set of actions ( ) C S to improve the efficiency of energy-and resource saving of system consists in assigning various combinations of actions ( ) { , , } s s s (under the restrictions on the amount of financial costs and the time of their implementation), and in determining such actions which provide the maximum value of the energy efficiency and resource saving of the system (indicator ( ) E S ). The given compositional fuzzy model is implemented as software, and as a pilot project in 2018, it was used in modeling the development of the power system of Moscow. According to the results of the simulation:
• the factors that have the most significant impact on the problem of energy and resource conservation have been identified; • measures are formed and justified to increase the efficiency of energy and resource saving of this system.
Conclusion
The formulation of the task of increasing the efficiency of energy and resource saving in STS. The choice of fuzzy cognitive modeling and fuzzy logical inference methods for evaluating the formation of a set of measures to improve the efficiency of energy and resource conservation in STSs is substantiated. A compositional fuzzy model for efficiency estimating of energy-and resource saving of STSs is proposed. This composite fuzzy model consists of the following models: firstly, a set of fuzzy cognitive models for estimating the effects of actions on the subsystems' indicators; secondly, a set of fuzzy rules-based models for efficiency estimating of energyand resource saving of subsystems; thirdly, a generalized fuzzy model for efficiency estimating of energy-and resource saving of system as a whole. The procedure of compositional fuzzy modeling of energy-and resource saving in STSs is described.
The given compositional fuzzy model is implemented as software, and as a pilot project in 2018, it was used in modeling the development of the power system of Moscow. According to the results of the simulation: first, the factors that have the most significant impact on the problem of energy and resource conservation have been identified; secondly, measures are formed and justified to increase the efficiency of energy and resource saving of this system.
